The patiellts adlllitted to the RO)'1I1 Children 's Hospital with iron ingestion between 1964 and 1973 are reviewed and the case histories of eight serious ingestions are summarized.
This was a higher proportion of younger children than found with children ingesting other drugs.
Serious intoxication is less common in older children because the toxic total dose is greater. It is uncommon for children under 12 months to take an overdose as they are unable to gain access to tablets. Brief case histories of the seven children admitted to the Intensive Care Unit and the other child who died, illustrate many of the clinical problems seen in iron poisoning.
Anaesthesia and /JI/fIIsive Care, 1'01. 1 T, So. 1, Souember, 1971 CASE REPORTS
Case 1
A 20-month-old female presented at a peripheral hospital after ingesting an unknown quantity of iron tablets. A few hours after the suspected time of ingestion, the child's parents noted drowsiness, and the infant complained of abdominal pain and vomited-the vomitus contained some blood. Her parents did not seek medical treatment until at least 1:! hours after ingestion when the child presented with severe peripheral circulatory failure. Initial resuscitation included intravenous fluids and desferrioxamine orally, intravenously and intramuscularly. On arrival she was alert and responsive with an adequate peripheral circulation. Her temperature was JO° c., but one h()~lr after a(lmission she suddenly relapsed with peIlpheral circulatory failure and loss of consciousness, depressed respiration, hypoglycaemia and severe metabolic acidosis. Despite vigorous attempts at cooling. her temperature remained above _tZO C. Serum iron exceed2d 1,700 fLg per cent. She continued to deteriorate and died less than 21 hours after time of suspected ingestion.
Case 2
An 1i~-month-old infant was admitted two hours after ingestion of an unknown quantity of iron tablets. Although she had vomited one hour prior to admission, gastriC' lavage produce(l further iron tablet fragmenb. She was treated with desferrioxamine :!.() g intramuscularly and subsequently 85 mg,'hr intravenously. She rC'mailwd well and was discharged two days later.
Case 8
A Hi-month-old girl ingested a pproximate!y 10 ferrous sulphate tablets. Gastric lavage was performed and then she was given desferrioxamine (2· 0 g) intravenously over 10 minutes. This caused sewre hypotension which responded to treatment with intravenous fluids. Serum iron was 307 ,lLg per cent. Recovery was subsequently uneventful, and she was discharged two days later.
Case 4
A two-year-old boy ingested 1!) ferrous sulphate tablets. Shortly aftel ingestion he vomited but remained \Vdl for two hours. He was then found unconscious, with poor peripheral circulation, depressed respiration and passing black fluid motions. After admission to hospital his circulation was restored with intravenous fluids including stable plasma protein solution (S.P.P.S.) and sodium bicarbonate. Stomach washout produced iron tablet fragments. He was given desferrioxamine (2·0 g) intramuscularly. His peripheral circulation remained poor with cold extremities and poor capillary return for several hours but his condition gradually improved and by the next day he was well enough to be discharged from LCe. He made an uneventful recovery. Serum iron shortly after admission was mo fLg per cent, 2J hours later 344 fLg per cent and the following day it was 75 fLg per cent.
Case 5
A three-year-old girl was admitted following the ingestion of J 00 Vicalf tablets each containing 150 mg ferrous sulphate, calcium sulphate and several vitamins. This was approximately three times the potential fatal dose.
One hour after ingestion she vomited small amounts of black fluid but no tablets. Gastric lavage produced a large number of iron tablets and iron tablet fragments. She was given desferrioxamine (2·0 g) orally, and 500 mg intramuscularly. She was drowsy but conscious and afebrile. She was also commenced on intravenous desferrioxamine 6 mg/kg/hour. Abdominal X-ray at this time showed large clumps of tablets in the stomach, and so seven hour,.; after the ingestion a further stomach washout was performed with the aid of an image intensifier. Only about :!O tablets were recovered. An X-rav taken 18 hours after ingestion showed that there was still a conglomerate of tablets remaining in the stomach ( Figure 2 ). She was febrile, drowsy but cooperatiye and mielly acidotic. Her circulatory state was satisfadory. Serum iron was Hill fLg per cent. In view of the failure to recover the still unabsorbecl tablets in the stomach and X-ray evidence of the disintegration of the mass of tablets with some in the small intestine, gastrotomy was performed 2·1. hours after the ingestion. Eighteen tablets were remo\'ed in a bolus from the stomach, and a further 20 tablets were milked down the bowel and removed from the rectum. Histology of gastric mucosa remoyed at laparotomy showed congested muC'osa with patchy surface ulceration. Superficial cells were pigmentecl with a deposit of iron. A small amount of iron was present in the submucosa around the vessels. The Im-mediate postoperative period was marked only by a short period of circulatory failure which responded rapidly to intravenous albumin and bicarbonate. On the third postoperative day serum iron had fallen to 57 [lg per cent. 
Case 6
A three-year-old boy ingested at least 20 tablets of ferrous sulphate. He was well until shortly after admission to a peripheral hospital when he suddenly developed severe peripheral circulatory failure. He was resuscitated with intravenous fluids including albumin and sodium bicarbonate and given desferrioxamine both orally and intravenously. His general condition improved but a few hours later he once again developed gross peripheral circulatory failure with loss of consciousness. He was transferred to the Royal Children's Hospital. His base deficit was 19·5 mEq/L and prothrombin index was less than 10 per cent. Despite vigorous resuscitation he failed to regain consciousness and died 24 hours after admission.
Case 7
A one-year-old girl was admitted following the ingestion of 40 Ferrogradumet tablets. She vomited 12 tablets one hour after ingestion, and following Ipecac and gastric washout, six further tablets were vomited. Further gastric washout with 1·0 per cent sodium bicarbonate in the intensive care unit obtained a large amount of reddish brown material containing iron tablet fragments. She was given desferrioxamine (2' 0 g) intramuscularly, but four hours after admission £he developed peripheral circulatory failure which required resusciation with S.P.P.S., and sodium bicarbonate. She was given a total dose of 80 mg/Kg/day of desferrioxamine intravenously. Her recovery was subsequently uneventful, and she was discharged four days later.
Case 8
In 1964 an 18-month-old child was admitted following the ingestion of 12 to 20 ferrous gluconate tablets. She vomited several times before admission and had gastric lavage in casualty. Desferrioxamine 250 mg was instilled into the stomach and 250 mg given intramuscularly. She became unconscious and developed periphelal circulatory failure 4 § hours after ingestion. She was resuscitated with intravenous fluids, albumin and blood and given intravenous desferrioxamine 60 mg/hour for 8 hours. Vomiting and diarrhoea continued. The following day she regained consciousness but had an elevated temperature (39·5° C), tachycardia (160-220) increased respiratory rate (flO-60) oliguria and then developed hepatomegaly. Serum iron was 780 fLg per cent at least 20 hours after ingestion, falling after nearly two days to 300 [lg per cent. A severe metabolic acidosis (standard bicarbonate 12· 7 mEqjL) persisted and she began convulsing, became uraemic and jaundiced. Peritoneal dialysis was planned but she died. The post mort em findings included ulceration of the stomach and intestine, renal cortical necrosis, focal hepatic necrosis and cerebral oedema.
CUXICAL FEATURES
Vomiting of whole tablets, tablet sludge and blood stained mucus is a frequent symptom occurring within 80 minutes in about 90 per cent of significant iron ingestions. Moderate to severe vomiting has occurred in all reported fatal cases.
Diarrhoea is common and the stools are loose, black, metallic smelling and sometimes blood stained. It usually commences one to two hours after ingestion and gradually settles over the next 2-1 hours.
Cardiovascular collapse may occur and the presence of pallor, cyanosis or hypotension on admission should be regarded as an indication for admission to the intensive care unit. A significant proportion of children reported in the literature, who presented with these features, died.
Depression of conscious state is common and coma often occurs in severe overdosage.
Coltrse of the Illness
There are four phases in the classical clinical picture of acute iron poisoning (Aldrich 1958, Chisholm J970 Stagl' 4 occurs a month or more later and presents with clinical features of duodenal stenosis which results from scarring following ulceration caused bv the iron. It is uncommon but occurs in SOIlle survivors of significant ingestions.
A. Initial assessment
A histon' regarding the number of tablets taken, the time since ingestion, and the incidence of vomiting or the occurrence of other clinical features of intoxication should be obtained. Accurate assessment of the clinical state of the child is important. Two adjuncts which will assist this assessment are abdominal X-ray which will show unabsorbed tablets within the gastro intestinal tract, and serum iron estimations which may be elevated if significant poisoning has occurred. Levels exceeding 500 iLgjlOO ml are usually a~sociated with shock and central nervous system depression. Measurements of serum iron are susceptible to the usual problems of interpretation because the sample may not be taken at the maximum level, the level fluctuates and at anyone time it represents the balance between the rates of iron entering and leaving the blood. There cloes appear to be some relationship between serum iron levels taken in the first six hours after ingestion and the severity of the illness. The estimated lethal dose is 300 mgjkg (Chisholm 1 H70) .
\Vhen there is a history of significant ingestion the patient should be admitted for emergency treatment and observation. Any child showing evidence of circulatory impairment should be admitted, if possible, to an intensive care unit, for resuscitation and further management. A child who has taken only a few tablets and has alreadv vomited some o( these, whose abdominal X -ra y -shows little evidence of retained tablets, and who appears otherwise well may not require admission to hospital, but should be observed in casualty for ;) to + hours in case delayed symptoms develop.
B. Treatment I. I<.emoval and precipitation of unabsorbed
Iron. The first step should aim to remove or precipitate any unabsorbed iron. A useful first aid measure in iron poisoning is the administration of dilute (1 ·0 per cent) sodium bicarbonate oralh', which will form an insoluble Iron carbonate. l\lost patients vomit within one hour so that some of the iron ingesteclmay ha\'e already been eliminated prior to arrival at hospital. If vomiting has not occurred and the child is conscious, syrup of ipecac (0·5 to 1 ml/kg) or an injection of apomorphine (0·07 mg/kg subcutaneously) will probably induce vOIniting. Thi~ is usually more effective than gastric lavage because the tablets are too big to remove through small stomach tubes. If vomiting does not occur and a large amount has been ingested, gastric lavage through a wide bore tube using dilute sodium bicarbonate solution should be carried out until the washings are clear. Gastric lavage should not be per-
formed in the presence of depressed consciousness until the patient has an endotracheal tube inserted. Serial abdominal X-rays are useful in assessing the adequacy of treatment, the amount remaining, and its progress through the alimentary tract. This will often be rapid due to hypermotility of the gut, but if delayed and a large quantity remains it may need to be removed surgically through a gastrotomy or enterotomy.
S~pportive therapy and chelation of absorbed
Iron. Shock frequently follows ingestion of toxic amounts of iron salts. Blood and especially plasma volume decrease and cardiac output falls (Whitten, Chen and Gibson 1968) . There is increased capillary permeability and blood and fluids may be lost into the gut through the damaged mucosa. There is an associated fall in pH and severe metabolic acidosis is common III severe cases.
Intravenous therapy is therefore important to restore blood volume and cardiac output and to promote an adequate urine output which will facilitate the excretion of chelated iron (ferrioxamine). Sodium bicarbonate is usually indicated to correct the metabolic acidosis. Volume expansion and the choice of intravenous fluids depends on clinical asst'ssment. If plasma expansion is required colloid solutions such as S.P.P.S. should be used. Blood should only be given following clear evidence of marked haematemesis and/or melaena, the recognition of which may be difficult due to iron staining of faeces or vomitus mixed possibly with blood from minor gastro intestinal haemmorrhage. Serum electrolytes and acid base should be checked periodically during treatment.
The chelating agent, desferrioxamine, which was developed to remove iron in diseases where excess is stored is now the drug of choice in severe acute iron poisoning (Henderson, Vietti and Brown 19t13) . It can be given intramuscularly in a dose of 90 mg/kg which can be repeated two or three times at 6 to 12 hour intervals. The rate of intra venous infusion should not exceed 15 mg/kg per hour (Chisholm 1970) . Rapid intravenous infusion of desferrioxamine will itself produce hypotension (see Case 3).
Adequate dosage of desferrioxamine is desirable to prevent re-distribution of iron and an increase in toxic effects. Desferrioxamine can be discontinued when iron excretion has declined as judged by the colour of the urine, which will change from dark orange-brown colour of ferrioxamine back to normal, and when serum iron no longer exceeds total iron binding capacity. This usually takes 24 to 48 hours. Urinary iron excretion is greater with intravenous than with oral desferrioxamine (Leikin, Vossough and Mochir-Fatemi 1967) . The oral route is now not recommended as desferrioxamine forms ferrioxamine with iron which is absorbed readily through the injured gut and is toxic at higher dose levels causing hypovolaemia, hypotension and anuria (Whitten, Chen and Gibson 1966) . DISCUSSION A literature review of 73 cases of iron poisoning (Hosking 1972) revealed that the majority of children involved were under 30 months of age ( Figure 3 ) which is similar to the age range in this series (Figure 1 ferrous SUlphate tablets. The majority had taken 1 to 3 grams of iron and only one child died who had taken less than 1 gm. Fourteen of 35 patients reported before 1959 died, while only five out of 38 died after 1959. This lower fatality rate may be due to the advent of more effective treatment in the form of desferrioxamine and the use of intra\'enous fluids.
The case histories from our l.C.V. illustrate several of the clinical features. They all vomited. but several at subsequent gastric lavage had tablet fragments in the washings. One vomited more tablets after lavage and Case 5 had a large mass of tablets remaining in the stomach. The value of follow-up X-rays as an aid to assessing the efficacy of attempts to remove the tablets is stressed and the findings in Case 5 were an indication for surgical removal.
Cardiovascular colapse accompanied by metabolic acidosis occurred in Cases 1, 4e 6,7 and 8. Resuscitation with intravenous fluids, sodium bicarbonate and treatment with desferrioxamine was successful in Cases 4 and 7. Cases 1, 6 and 8 died and delay in treatment was an important factor at least in Case 1.
Hypotension occurred in Case 3 as a result of too rapid administration of intravenous desferrioxamine. This is an example where complications of treatment were worse than the ingestion of iron. Whitten (1966) reported two cases and some dog experiments which showed that hypotension followed rapid administration of intravenous desferrioxamine.
Case 6 demonstrated the interference with coagulation as evidenced by a very low prothrombin index and Case 8 developed liver failure.
Four patients became unconscious (1, 4, ti and 8) onl~' one of whom survived. :\one of these patients developed clinical evidence of duodenal stenosis, but the biopsy of stomach in Case 5 and autopsy in Case 8 showed ulceration of gastric mucosa and iron deposition.
The method of desferrioxamine administration has varied because the serious cases have been sporadic and patients have been tre'lted by a variety of people. The suggested plan using the intramuscular route is recommended. The intravenous route can be used as well in severe cases but care must be taken with the rate of infusion.
:\Iany people are still unaware of the serious toxicity and complications of iron overdosage. Increasing awareness of the danger and safety packaging of iron, particularly in antenatal clinics would help to reduce the number of serious overdosages.
While early elimination, intravenous therapy and desferrioxamine have reduced the morbidity and mortality of serious iron overdosage a few children still die.
